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文正是基于这一点开展了对 Si基高效 III-V族叠层电池结构的研究。 
为了减小 Si 与 GaAs 之间由于晶格失配而导致的位错密度和缺陷，本文提
出将窄带隙的 Ge作为连接 Si电池和 GaAs电池的隧穿结，并从理论上验证了这
种结构的可行性。论文的主要工作包括： 
1. 基于太阳能电池基本原理，模拟了 p/n结构的单结 Si电池，优化了 Si电
池结构参数，讨论了基区掺杂浓度对电池性能的影响；模拟了 AlGaAs和 GaInP 
窗口层对 GaAs太阳能电池效率以及外量子效率的影响； 
2. 模拟了掺杂浓度对 Ge隧穿结和 GaAs隧穿结峰值隧穿电流的影响，峰值
隧穿电流随掺杂浓度的增大而增大，当掺杂浓度为 3e19/cm3时，Ge的峰值隧穿
电流达到 1000A/cm2，是 GaAs的 5倍左右； 























With increasing concern on the shortage of energy and the pollution of 
environment, the use of solar cells is currently the main channel to this problem. High 
conversion efficiency and low cost solar cells have always been the research goal to 
be competitive with conventional energy. Since single-junction solar cells has low 
efficiency, more and more attentions have been attracted to the tandem solar cells the 
tandem solar cells which can make full use of solar spectrum. 
At present, most high efficiency tandem solar cell structure is based on Ge 
substrate which is lattice-matched to III-V semiconductors, such as GaInP/GaAs/Ge. 
Compared with Ge, Si has many advantages, including mature technology, lower 
weight, higher thermal conductivity, lower material costs and abundant resources. Si 
can obtain higher open-circuit voltage as bottom cell. Therefore, III-V tandem solar 
cells based on Si would retain high conversion efficiency at more reduced cost and it 
is for this that this structure has been carried out in this thesis.  
The main innovation of this thesis is that we proposed Si as a bottom cell of the 
tandem solar cell, and connected Si cell and GaAs cell with marrow band-gap Ge 
tunnel junction for the first time. The feasibility of the structure was verified 
theoretically. The main work is as follows: 
1. Based on the basic principle of solar cells, a p/n type Si solar cell was 
simulated. Structure parameters of Si solar cell has been Optimized and the effect of 
base doping concentration on characteristics of Si has been discussed. The effect of 
AlGaAs and GaInP window layer on efficiency and EQE of GaAs solar cell has been 
simulated. 
2. The simulation of the effect of doping concentration of Ge and GaAs tunnel 
junction on peak tunneling current was carried out. It is shown that peak tunneling 
current increased with the doping concentration. Peak tunneling current of Ge, which 
reached 1000A/cm
2
















3. GaAs/Si and GaInP/GaAs tandem solar cell were simulated respectively. The 
current matching of subcells was reaching by optimizing the thickness of top cell. 
The efficiency of GaInP/GaAs/Si tandem solar cell was calculated which shown that 
the efficiency is 43.39% under AM1.5G，300K. Lastly, the effect of higher 
temperature on the open-circuit voltage was simulated and discussed, and the 
performance under higher temperature was improved by increasing emitter doping 
concentration of Si bottom cell or Ga mole fraction of GaxIn1-xP top cell. 
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式增长，到 2000年则达到约 365ppm。在 2000年之后的一百年时间里，如不予
与限制，CO2的排放量将增长 1~2 倍。若对化石燃料不加以限制，到 22世纪，
整个地球的环境温度，相对 1990年，将增长 1.5~5.5℃，其后果不堪设想。不仅
如此，由于煤炭、石油和天然气等化石能源的非可再生性，在不久的将来其储量
也将消耗殆尽。根据“BP Statistical Review of World Energy, June 2011”的最新统计
[2]，截至 2010 年底，估计世界石油资源可采年数（石油蕴藏量和年生产量的比
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图 1-2 各种电池转换效率发展趋势[23] 
 
1.2叠层太阳能电池的研究进展 










1988 年，美国加州的 B. Chung[27,28]等人采用 MOVPE 技术，制作出了在
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展。 
2001 年，日本的 Ken[29]等人制作的 Al0.36Ga0.64As/GaAs 叠层电池效率高达






在 AlGaAs/GaAs 叠层结构发展的同时，1989 年，NREL 的 Olson[30]等人通
过比较 Ga0.5In0.5P/GaAs 与 Al0.4Ga0.6As/GaAs 的界面质量，发现 Ga0.5In0.5P/GaAs
界面复合速率较低，约为 1.5cm/s，而 Al0.4Ga0.6As/GaAs 的界面复合速率为
210cm/s，并基于此提出了高电导的 GaAs隧穿结连接的 Ga0.5In0.5P/GaAs叠层电
池结构[31]，之后他们在结构设计上通过减小栅线电极的覆盖面积，顶电池用
AlInP 作为窗口层和背场层，在 AM1.5G 和 AM0 下的效率分别达到 29.5%和
25.7%
[32]。图 1-3（a）、（b）示出了效率为 29.5%的电池结构和 I-V特性曲线图。 
 
   
（a）                               （b） 
图 1-3 效率为 29.5%的 GaInP/GaAs 叠层电池的 
（a）结构和（b）光照 I-V 曲线 
 
1997 年，日本能源公司的 Takamoto[33]报道了 AM1.5G 下效率超过 30%的




















     
（a）                               （b） 
图 1-4 效率为 30.28%的 In0.49Ga0.51P/GaAs 叠层电池的 
结构（a）和光照 I-V曲线（b） 
 
在 GaInP/GaAs 两结叠层电池逐渐走向产业化的过程中，以 Ge 为衬底的
GaInP/GaAs/Ge三结叠层电池结构应运而生。相比于 GaAs而言，Ge衬底价格较
低，机械强度比 GaAs好的多，而且电池可以做的较大。起初，美国 SPL公司制
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图 1-5 GaInP/GaInAs/Ge 三结叠层电池结构示意图 
 
为了达到更高的效率，国外从 90 年代中期开始研究四结太阳能电池（理论
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